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RADIO COMMUNICATION METHOD,
RADIO COMMUNICATION SYSTEM AND
RADIO BASE STATION

TECHNICAL FIELD

The present invention relates to a radio communication
method, a radio communication system and a radio base
station in a next-generation mobile communication system.

BACKGROUND ART

In a UMTS (Universal Mobile Telecommunications Sys-
tem) network, for the purposes of further increasing data
rates and providing low delay and so on, long-term evolution
(LTE) has been under study (see Non-Patent Literature 1). In
LTE, as multi access schemes, OFDMA (Orthogonal Fre-
quency Division Multiple Access) is adopted for the down-
link and SC-FDMA (Single Carrier Frequency Division
Multiple Access) is adopted for the uplink.

In addition, for the purposes of achieving further broad-
bandization and higher speeds, a successor system to LTE
has been under study (which may be called, for example,
LTE Advanced or LTE Enhancement (hereinafter referred to
as “LTE-A”)). In LTE (Rel. 8) and LTE-A (Rel. 9, Rel. 10),
MIMO (Multi Input Multi Output) technique has been also
considered as a radio communication technique for trans-
mitting and receiving data via a plurality of antennas thereby
to improve a spectrum efficiency. In this MIMO technique,
a transmission/reception device is equipped with a plurality
of transmission/reception antennas, and different transmis-
sion information sequences are transmitted simultaneously
from the different transmission antennas.

CITATION LIST
Non-Patent Literature

Non-Patent Literature 1:3GPP TR 25.913 “Requirements for
Evolved UTRA and Evolved UTRAN”

SUMMARY OF THE INVENTION
Technical Problem

By the way, in the ITE-A system that is a successor
system to LTE, study has been made about multiple user
MIMO (MU-MIMO) transmission in which transmission
information sequences are simultaneously transmitted from
different transmission antennas to different users. This MU-
MIMO transmission is applied to Hetnet (Heterogeneous
network) and CoMP (Coordinated Multi-Point) transmis-
sion.

In future systems, an increase in number of users con-
nected to a radio base station apparatus will be likely to
cause shortage in capacity of downlink control channel to
transmit downlink control information. Therefore, the con-
ventional method of allocating radio resources may have a
problem that it is difficult to make full use of the perfor-
mance of a future system for MU-MIMO transmission and
the like.

In order to solve this problem, there may be provided a
method of extending radio resources for downlink control
channel to transmit more downlink control information. In
such a case, there arises an issue about how to allocate radio
resources to downlink control information in the extended
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2

(enhanced) downlink control channel, that is, how to map
downlink control information to resource regions for the
enhanced control channel.

The present invention has been made in view of the
foregoing and aims to provide a radio communication
method, a radio communication system and a radio base
station that are capable of allocating radio resources to
downlink control information appropriately in the enhanced
downlink control channel.

Solution to Problem

The present invention provides a radio communication
method in a radio communication system in which a radio
base station transmits downlink control information to each
user terminal via an enhanced downlink control channel that
is frequency division multiplexed with a downlink shared
data channel, the radio communication method comprising
the steps of: by the radio base station, generating the
downlink control information in units of enhanced control
channel elements (eCCEs), each of enhanced control chan-
nel elements being made up with a plurality of enhanced
resource element groups (eREGs); and mapping the down-
link control information in units of enhanced resource
element groups (eREGs) to a plurality of resource regions
for the enhanced downlink control channel, and wherein
each of the enhanced resource element groups (eREGs) is
made up with a plurality of resource elements (REs), and the
radio base station performs mapping to each of the resource
regions in such a manner that the enhanced resource element
groups (eREGs) are uniform in number of resource elements
(REs) and the resource elements (REs) that make up one
enhanced resource element group (1 eREG) are distributed
to a plurality of OFDM symbols.

Technical Advantage of the Invention

According to the present invention, it is possible to
allocate radio resources appropriately to downlink control
information in an enhanced downlink control channel.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of Hetnet to which MU-
MIMO is applied;

FIG. 2 is a diagram illustrating an example of a subframe
in which downlink MU-MIMO transmission is carried out;

FIG. 3 provides diagrams each for explaining a subframe
structure of an enhanced PDCCH;

FIG. 4 provides diagrams each for explaining a mapping
method of the enhanced PDCCH;

FIG. 5 provides diagrams each illustrating an example of
distributed mapping of the enhanced PDCCH;

FIG. 6 is a diagram illustrating an example of the method
for mapping eCCEs and eREGs to a PRB;

FIG. 7 provides diagrams each illustrating an example of
eREG index allocation method;

FIG. 8 provides diagrams each illustrating an example of
eREG index allocation;

FIG. 9 provides diagrams each illustrating an example of
eCCE allocation method to eREGs in a plurality of PRBs;

FIG. 10 provides diagrams each illustrating an example of
eCCE allocation to eREGs in a plurality of PRBs;

FIG. 11 is a diagram for explaining a system configuration
of a radio communication system according to a present
embodiment;
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FIG. 12 is a diagram for explaining an overall configu-
ration of a radio base station according to the present
embodiment;

FIG. 13 is a diagram for explaining an overall configu-
ration of a user terminal according to the present embodi-
ment;

FIG. 14 is a diagram illustrating a functional structure of
a baseband signal processing section of the radio base
station according to the present embodiment and a part of
higher layer; and

FIG. 15 is a diagram illustrating a functional structure of
a baseband signal processing section of the user terminal
according to the embodiment.

DESCRIPTION OF EMBODIMENTS

FIG. 1 is a diagram illustrating an example of Hetnet to
which MU-MIMO transmission is applied. In the system
illustrated in FIG. 1, a small-sized base station (e.g., RRH
Remote Radio Head) having a local coverage is provided in
a coverage of a radio base station (e.g., eNodeB), and the
system is configured hierarchically. In this system, downlink
MU-MIMO transmission is performed such that data is
transmitted from a plurality of antennas of a radio base
station to a plurality of user terminals UE #1 and UE #2 (UE:
User Equipment) simultaneously. In addition, data is trans-
mitted from a plurality of antennas of a plurality of small-
sized base stations to a plurality of user terminals UE #3 and
UE #4 simultaneously.

FIG. 2 is a diagram illustrating an example of a radio
frame (e.g., one subframe) to which downlink MU-MIMO
transmission is applied. As illustrated in FIG. 2, in the
system under application of MU-MIMO transmission, first
to a predetermined-number OFDM symbols (3 OFDM sym-
bols at the maximum) in each subframe are reserved as a
radio resource region for downlink control channel (PD-
CCH: Physical Downlink Control Channel) (PDCCH
region). Besides, radio resources following the first to pre-
determined-number symbols are reserved as a radio resource
region for downlink shared data channel (PDSCH: Physical
Downlink Shared Channel) (PDSCH region).

The PDCCH region is allocated with downlink control
information (DCI) for user terminals UE (UE #1 to UE #4).
DCI includes assignment information of data to the user
terminals UE in the PDSCH region and the like. For
example, in FIG. 2, the user terminal UE #2 receives data for
the user terminal UE #2 allocated to the PDSCH region,
based on DCI for the user terminal UE #2 allocated to the
PDCCH region.

Further, in MU-MIMO transmission, data transmission
for a plurality of user terminals is allowed at the same time
and in the same frequency. Therefore, in the PDSCH region
of FIG. 2, data for the user terminal UE #1 and the data for
the user terminal UE #5 may be multiplexed to the same
frequency region. Likewise, the data for the user terminal
UE #4 and the data for the user terminal UE #6 may be
multiplexed to the same frequency region.

However, as illustrated in FIG. 2, if data for the user
terminals UE, #1 to UE #6 is allocated in the PDSCH region,
it may be difficult to allocate DCI for all the user terminals
UE #1 to UE #6 to the PDCCH region. For example, in the
PDCCH region of FIG. 2, DCI for the user terminals UE #5
and UE #6 cannot be allocated. In this case, due to insuf-
ficiency of the PDCCH region to allocate DCI, the number
of user terminals UE to multiplex to the PDSCH region is
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restricted, and therefore, it may be difficult to enjoy the
improvement in the efficiency of use of radio resources by
MU-MIMO transmission.

In order to solve this problem of shortage of the PDCCH
region, it may be configured that the PDCCH allocation
region is extended to a region other than the control region
of the first to third OFDM symbols in the subframe (the
PDCCH region is extended to the existing PDSCH region of
fourth and later OFDM symbols). As a method to extend the
PDCCH region, there is a method of time-division-multi-
plexing PDSCH and PDCCH in the existing PDSCH region
(TDM approach) as illustrated in FIG. 3A and a method of
frequency-division-multiplexing PDSCH and PDCCH in the
existing PDSCH region (FDM approach) as illustrated in
FIG. 3B.

In the TDM approach as illustrated in FIG. 3A, the
PDCCH is arranged over the system band in a part of OFDM
symbols out of fourth and later OFDM symbols in the
subframe. On the other hand, in the FDM approach as
illustrated in FIG. 3B, the PDCCH is arranged in a part of
the system band over all the fourth and later OFDM symbols
in the subframe. The PDCCH frequency-division-multi-
plexed with the PDSCH in this FDM approach can be
demodulated using a demodulation reference signal which is
a user-specific reference signal (DM-RS: DeModulation-
Reference Signal). Therefore, DCI transmitted by this
PDCCH is able to enjoy a beamforming gain like downlink
data transmitted in the PDSCH and is also effective at
increasing the capacity of the PDCCH. This FDM approach
is regarded as becoming important in future.

In the following description, a PDCCH frequency-divi-
sion-multiplexed with a PDSCH in the FDM approach is
called enhanced PDCCH. This enhanced PDCCH may be
also called enhanced physical downlink control channel,
ePDCCH, E-PDCCH, FDM-based PDCCH, UE-PDCCH or
the like.

As for the enhanced PDCCH of the FDM approach stated
above, the present inventors have studied application of
localized mapping and distributed mapping as the DCI
mapping method. FIG. 4 provides diagrams each illustrating
an example of DCI mapping method in the enhanced
PDCCH. FIG. 4A illustrates an example of localized map-
ping and FIG. 4B illustrates an example of distributed
mapping.

As illustrated in 4A and 4B, resources for the enhanced
PDCCH are made up of a predetermined number of resource
block pairs (PRB (Physical Resource Block) pairs, herein-
after referred to as “PRB pairs”) distributed over the system
band. Each PRB pair is made up of two consecutive PRBs
in the time direction (first slot and latter slot) and is
identified by a PRB index assigned in the frequency direc-
tion. The plural PRB pairs that make up the enhanced
PDCCH resources are determined by higher layers or by the
specifications. The PRB index to identify each of the plural
PRB pairs is reported to the user terminal UE by higher layer
signaling or the like.

As illustrated in FIG. 4A, in the localized mapping, one
DCl is locally mapped to a specific PRB pair that constitutes
the enhanced PDCCH resources. Specifically, one DCI is
mapped to one PRB pair (for example, PRB pair of best
channel quality) based on CQI fed back from the user
terminal UE. In the localized mapping, use of CQI makes it
possible to achieve a frequency scheduling gain. Note that in
FIG. 4A, among a plurality of PRB pairs that make up the
enhanced PDCCH resources, a PRB pair with no DCI
mapping may be mapped with PDSCH.
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As illustrated in FIG. 4B, in the distributed mapping, one
DCI is mapped in a distributed manner to a plurality of PRB
pairs that make up the enhanced PDCCH resources. Spe-
cifically, one DCI is divided into a plurality of split units,
which are mapped in a distributed manner to the above-
mentioned PRB pairs (may be mapped to all the PRB pairs).
In the distributed mapping, as one DCI is distributed over
the system band, it is possible to achieve a frequency
diversity gain.

As described above, unlike localized mapping, the dis-
tributed mapping is such that each DCI is divided into a
plurality of split units, which are mapped in a distributed
manner to a plurality of PRB pairs that made up the
enhanced PDCCH resources.

In the meantime, downlink control information (DCI) to
allocate to the existing PDCCH that extends from first to a
predetermined-number OFDM symbols in the subframe is
generated in units of control channel elements (CCEs). Each
CCE is made up of nine resource element groups (REGs)
and each REG is made up of four resource elements (REs).

In order to reuse existing CCEs (for example, for blind
decoding or the like), the present inventors have considered
generating downlink control information (DCI) to allocate to
the enhanced PDCCH also in units of predetermined control
channel elements. In the following description, the control
channel elements that make up downlink control informa-
tion to allocate to the enhanced PDCCH are called enhanced
channel control elements (eCCE: enhanced Channel Control
Element).

In this case, each enhanced control channel element
(eCCE) may be made up of a plurality of resource element
groups and mapped in a distributed manner to a plurality of
PRB pairs for the enhanced PDCCH in units of resource
element groups. In the following description, the resource
element groups that make up the enhanced control channel
element (eCCE) are called enhanced resource element
groups (eREG: enhanced Resource Element Group).

FIG. 5 is a diagram illustrating an example of distributed
mapping where the enhanced PDCCH is provided. In this
case, the system band is made up of eleven physical resource
blocks (PRB pairs). The eleven PRB pairs are assigned with
PRB indexes (PRB #0 to PRB #10) in the frequency
direction. Here, the enhanced PDCCH is made up of four
PRB pairs #1, #4, #8 and #10 (see FIG. 5A). In FIG. 5A, the
enhanced PDCCH is mapped in PRB unit, but is not limited
to this. For example, mapping may be performed in units of
resource block groups (RBGs) each made of consecutive
PRBs (for example, two or four PRB pairs).

In FIG. 5A, when each PRB pair is made of four eCCEs,
the total number of eCCEs is 16. In this case, the eCCEs are
assigned with mutually different eCCE indexes #0 to #15
(see FIG. 5B). Then, each eCCE is mapped to a PRB pair,
and after that (see FIG. 5C), it is transmitted to the user
terminal.

In eCCE mapping, when distributed mapping is applied as
illustrated in FIG. 4B above, mapping may be performed in
units of split units (eREG) so that the eCCE are distributed
to a plurality of PRB pairs (for example, PRB pairs #1, #4,
#8 and #10) (see FIG. 5C). In FIG. 5C, eCCE of index
number 0 (eCCE #0) is mapped to eREG of index number
0 (eREg #0) of PRB #1 and eREG #4 of PRB #8. That is,
two eREGs that make up eCCE #0 are mapped as eREG #0
of PRB #1 and eREG #4 of PRB #8.

However, in this case, it is not decided yet in each PRB
pair how to divide into a plurality of eREGs (in which REs
to set eREGs of different index numbers) and how to map
eCCEs to eREGs in a plurality of PRB pairs.
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By the way, study has been made of using a predeter-
mined number of resource elements (REs) to form an eREG
as a mapping unit of eCCE to a PRB pair. One PRB pair in
normal cyclic prefix (normal CP) and normal subframe, the
number of REs available for the enhanced PDCCH is
defined to be a predetermined number (for example, 144)
and the split number of eREGs (the number of eREGs
included in one PRB pair) can be determined based on the
predetermined number of REs. When the number of REs
available for the enhanced PDCCH is defined to be 144, this
number 144 corresponds to a value obtained by deleting the
number of REs to arrange DM-RS (24) from the total
number of REs in one PRB pair (168).

For example, as illustrated in FIG. 6, when one PRB pair
is divided into eight eREGs (eREG #0 to eREG #7), there
may be considered the method of dividing one PRB pair in
a predetermined frequency and time axis direction to pro-
vide eREGs. In FIG. 6, when one PRB pair is divided into
eight eREGs (eREG #0 to eREG #7), the eREGs are
configured of four in the frequency axis direction and two in
the time axis direction (first-half slot and last-half slot). In
this case, assuming that one PRB is made up of four eCCEs
(for example, one eCCE is made up of 36 REs), one eCCE
can be made up of two eREGs. That is, in FIG. 6, one eCCE
made up of two eREGs is shown as being mapped to a PRB
pair in eREG unit.

Thus, when, in one PRB pair, each eREG is arranged in
a section defined in the frequency axis direction and in the
time axis direction, REs that make up one eREG are
arranged concentratedly in a predetermined section. That is,
as illustrated in FIG. 6, eREGs assigned with respective
index numbers are arranged together in their sections
divided in the frequency and time axis direction.

In this case, there may be a case that the number of REs
available for the enhanced PDCCH varies (becomes uneven)
between eREGs assigned with different index numbers. This
is because, as described above, within one PRB pair, REs in
a region where DM-RSs are arranged cannot be used for the
enhanced PDCCH. For example, in FIG. 6, when, in a PRB
pair, REs, other than the REs where DM-RSs are arranged,
are used for the enhanced PDCCH, eREG #3 has 17 REs and
eREG #5 has 19 REs. Therefore, depending on combination
of eREGs, the size may be different (nonuniform) even
between eCCE:s.

Further, when the eREGs are arranged together in their
predetermined sections within a PRB pair, REs constituting
one eREG may be arranged in plural on the same OFDM
symbol. If there is a restriction on total power in one OFDM
symbol, concentration of each eREG at the predetermined
section may prevent power uniformity between eREGs,
thereby making it difficult to achieve sufficient improvement
in the efficiency of power use.

Then, the present inventors have found that by control-
ling, in a resource region (PRB, RGB and so on) for the
enhanced PDCCH, an allocation pattern of a plurality of REs
that make up each eREG and/or a mapping method of a
plurality of eREGs that make up each eCCE, it becomes
possible to allocate downlink control information appropri-
ately to the resource region for the enhanced PDCCH.

Specifically, they have found that in a resource region
where the enhanced PDCCH is allocated, a plurality of REs
that make up one eREG are distributed to a plurality of
OFDM symbols thereby to be able to improve the efficiency
of power use. Further, they have also found that at least in
the existing LTE system (Rel. 8 to Rel. 10), REs in the region
where the control channel (existing PDCCH allocated to first
to third OFDM symbols in a subframe) is allocated, REs in
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the region where reference signals (for example, CRS (Cell
specific Reference Signal)) are allocated, and REs in the
region where data channel (existing PDSCH) is allocated are
provided evenly as REs that make up eREGs of respective
index numbers thereby to be able to achieve size uniformity
between eREGs.

Further, a plurality of eREGs that make up one eCCE are
distributed individually to a plurality of resource regions for
the enhanced PDCCH, and downlink control information
(DCI) is mapped in such a manner as to make the eREGs that
make up one eCCE have different index numbers, thereby
achieving a frequency diversity gain and size uniformity
between eCCEs. The following description is made in detail
about the present embodiment.

(eREG Index Allocation)

With reference to FIG. 7, description is made about the
eREG index allocation method to each RE in the resource
region where ePDCCH is allocated (allocation pattern con-
trol of a plurality of REs that make up each eREG). Note that
in FIG. 7, the resource region is described by way of
example of one PRB pair in normal cyclic prefix and normal
subframe, but this is not intended for limiting the present
invention.

FIG. 7A illustrates the resource region (one PRB) where
ePDCCH is allocated. The resource region illustrated in
FIG. 7 consists of first to third regions available for ePD-
CCH and a fourth region that is not available for ePDCCH
and is allocated with DM-RS. The first region, the second
region and the third region correspond to regions where
PDSCH, existing PDCCH allocated to first to third OFDM
symbols in a subframe and reference signals (CRSs) are
allocated in an existing LTE system (or another resource
region where the ePDCCH is not allocated).

In the resource region where the ePDCCH is allocated, if
the reference signals (CRS) are allocated, the first region and
the second region are used for the ePDCCH and where the
reference signals and existing PDCCH are allocated, the first
region is used for the ePDCCH. That is, in the resource
region, the first region is most likely to be used for eCCE
mapping.

In this embodiment, in such a resource region, mapping is
performed in such a manner that the number of REs is
uniform between different eREGs and a plurality of REs that
make up one eREG are distributed to a plurality of OFDM
symbols. Here, making the number of REs uniform between
different eREGs is not limited to making the number of REs
equal between different eREGs, but may include minimizing
difference in the number of REs between eREGs (Preferably,
the difference in the number of REs between eREGs is 1 or
less).

For example, allocation of eREG index numbers to the
REs in the first to third regions is controlled to be even,
thereby making it possible to achieve the size uniformity
between eREGs. Further, each eREG index number is allo-
cated to REs of different OFDM symbols, thereby making it
possible to distribute REs that make up each of REGs to a
plurality of OFDM symbols. The following description is
made about one example of the allocation method of an
eREG index number to each RE.

<Step 1>

First, REs in the regions (first to third regions) available
for ePDCCH are numbered sequentially from RE of highest
availability for ePDCCH (see FIG. 7B). For example, after
REs in the first region are numbered, REs in the regions
possibly used for other signals (second region and third
region) are subjected to numbering. In FIG. 7B, numbering
is first performed on the second region, and then, numbering
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is performed on the third region. This order may be reversed.
Further, numbering is not performed for REs in the fourth
region where DM-RSs are allocated.

For example, REs are numbered sequentially in the fre-
quency axis direction (vertical direction in FIG. 7B), starting
at a RE in the region of the smallest frequency and time in
the first region. Then, cyclic shift may be applied per OFDM
symbol as shown in FIG. 7B so that REs that make up each
eREG can be distributed as much as possible.

In FIG. 7B, first, REs in the first region are numbered
from 0 to 95. Then, REs in the second region are numbered
from 96 to 127, from the third OFDM symbol side along the
OFDM symbol line. After that, REs in the third region are
numbered from 128 to 143.

<Step 2>

Next, indexes allocated to the respective REs in Step 1 are
subjected to modulo operation using the number N of
eREGs provided in a PRB pair. In this case, the PRB pair is
divided into N eREGs.

The number N of eREGs provided in a PRB pair can be
selected from, for example, 8, 12, 16, 24 and 36. By
selecting any one from these numbers, it is possible to
allocate the number of REs (144) available for ePDCCH to
each eREG evenly. Particularly, it is preferable that N is 8,
16 or 36.

FIG. 8A illustrates application of modulo operation with
N=8 and FIG. 8B illustrates application of modulo operation
with N=16. In FIG. 8A, REs available for ePDCCH are
assigned with indexes 0 to 7 (eREG index numbers). In this
case, each of eight eREGs of index numbers 0 to 7 consists
of eighteen REs at the maximum. Also, in the case of FIG.
8B, REs available for ePDCCH are assigned with indexes 0
to 15 (eREG index numbers). In this case, each of sixteen
eREGs of index numbers 0 to 15 consists of nine REs at the
maximum.

Thus, after numbering REs available for ¢PDCCH
sequentially, modulo operation is performed to determine
the eREG index number corresponding to each RE, thereby
being able to distribute a plurality of REs that make up one
eREG to a plurality of OFDM symbols. With this structure,
REs of different eREG index numbers are allocated plurally
to the same OFDM symbol thereby to be able to achieve
power uniformity between OFDM symbols. Then, as com-
pared with eREG allocation as shown in FIG. 6, it is possible
to improve the efficiency of power use.

Further, out of the regions available for ePDCCH (first
region to third region), REs are numbered sequentially from
the REs in the region of highest availability for ePDCCH,
thereby being able to allocate REs of different eREG index
numbers to the respective regions evenly. With this struc-
ture, even when reference signals (CRSs) and/or existing
PDCCH are allocated in the resource region for ePDCCH, it
is possible to make the size almost uniform over eREGs.

(eCCE Mapping Method in eREG Allocation Unit)

Next description is made about eCCE mapping method to
a plurality of resource regions. In this embodiment, a
plurality of eREGs that make up one eCCE are distributed
to a plurality of resource regions (here, PRB pairs) where
enhanced PDCCH is allocated and downlink control infor-
mation (DCI) is mapped in such a manner that the eREG
index numbers distributed are different between the resource
regions. With reference to FIG. 9, the following description
is made about an example of the method for mapping eCCEs
to resource regions available for ePDCCH (here, PRB pairs)
in eREG unit. Note that in the following description, it is
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assumed that REs that make up one eCCE are 36 REs (36
REs/1 eCCE), however the size of eCCE is not limited to
this.

As described above, when the total number of REs
available for ePDCCH is 144 in one PRB pair, assuming that
1 eCCE=36 REs, one PRB pair can be allocated with four
eCCEs at the maximum. In this case, the total number of
eCCEs available for downlink control information (DCI)
transmitted via the ePDCCH in the system band becomes
ePDCCH resource regionsx4. For example, as illustrated in
FIG. 5A above, when the enhanced PDCCH is set in the four
PRB pairs #1, #4, #8 and #10, the number of available
eCCEs becomes 16.

In this case, the number of eREGs that make up one eCCE
can be obtained “36/(144/N)”. That is, it is a value obtained
by dividing the number of REs that make up one eCCE “36
by the size of eREG (the number of REs that make up one
eREG). As stated above, N is equivalent to the number of
eREGs provided in one resource region (for example, one
PRB pair).

For example, when eight eREGs are included in one PRB
pair (N=8), the number of eREGs that make up one eCCE
becomes 2. When sixteen eREGs are included in one PRB
pair (N=16), the number of eREGs that make up one eCCE
becomes 4.

FIG. 9A illustrates relationship between each of PRB
pairs and a plurality of eREGs (eREG indexes) when the
enhanced PDCCH is allocated to four resource regions
(here, PRB pairs #1 to #4) and the number of eREGs
allocated to one PRB pair is 16. That is, eREG #0 to eREG
#15 are mapped to the PRB pairs #1 to #4. As illustrated in
FIG. 8B mentioned above, in each of the PRB pairs, REs that
forms each of eREG #0 to eREG #15 can be allocated in a
distributed manner.

When the number of eCCEs allocated to one PRB pair is
4, the number of eREGs that make up one eCCE becomes
4. In this case, a plurality of eCCEs as illustrated in FIG. 9B
(here, sixteen eCCEs #0 to #15) can be mapped to each of
the PRB pair #1 to PRB pair #4.

In FIG. 9B, mapping is performed in such a manner that
plural eREGs that make up one eCCE are distributed to
different PRB pairs and the plural eREGs allocated to the
different PRB pairs have different index numbers. That is, a
plurality of eREGs that make up one eCCE are assigned with
mutually different eREG index numbers and mapped to
different PRB pairs.

Thus, as the plural eREGs that make up one eCCE are
mapped to different PRB pairs, it is possible to achieve a
frequency diversity effect. Besides, as one eCCE is made up
of eREGs of different index numbers, it is possible to reduce
unevenness of size between eCCEs.

Specifically, eCCE indexes are sequentially mapped to
eREG indexes of plural PRB pairs. At this time, mapping is
performed in such a manner that eCCEs of consecutive
index numbers are allocated to different PRB pairs. For
example, as illustrated in FIG. 9B, eCCE #0 to eCCE #3 are
allocated to eREG #0 allocated to PRB pairs #1 to #4.
Likewise, eCCE #4 to eCCE #7 are allocated to eREG #1
allocated to PRB pairs #1 to #4. The same operation is
repeated until one round of allocation of the plural eCCFEs is
completed. With this process, eCCE #0 to eCCE #15 are
allocated to eREG #0 to eREG #3 allocated to PRB pairs #1
to #4.

Next, after one round of allocation of the plural eCCEs is
finished, another round of allocation is also performed with
application of a cyclic shift. For example, as illustrated in
FIG. 9B, eCCE #0 to eCCE #3 are allocated to eREG #4
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allocated to PRB pairs #1 to #4. Here, in each eREG index,
eCCE allocation starts at PRB pairs #2 and then, follows in
the order of PRB pairs #3, #4 and #1 (cyclic shift).

With this structure, a plurality of eREGs that make up one
eCCE can be mapped to different PRB pairs. Here, the cyclic
shift amount can be determined by “the number of PRB pairs
(N,zz)/the number of eREGs per eCCE (N_.,.)". In this
case, the cyclic shift amount is 1(=4/4).

This mapping process is repeated, and then, as illustrated
in FIG. 9B, a plurality of eCCEs are mapped to each PRB
pair in eREG unit. For example, four eREGs that make up
eCCE #0 of the eCCE index number 0 are allocated to PRB
pair #1 to PRB pair #4 in a distributed manner. The four
eREGs that form eCCE #0 are eREG #0 (PRB pair #1),
eREG #4 (PRB pair #2), eREG #8 (PRB pair #3), and eREG
#12 (PRB pair #4).

Thus, as the plural eREGs that make up one eCCE are
assigned with different eREG index numbers and mapped to
different PRB pairs, it is possible to achieve the frequency
diversity effect and size uniformity between eCCEs.

Further, the eREGs mapped to each PRB pair can be
arranged in a distributed manner to REs of a plurality of
OFDM symbols in one PRB. With this arrangement, it is
possible to improve the efficiency of power use and to
achieve size uniformity between eREGs and eCCEs effec-
tively.

Next, FIG. 10A illustrates an eCCE mapping method
adopted where four PRB pairs are provided for enhanced
PDCCH and one PRB pair is divided into eight eREGs
(N=8) and FIG. 10B illustrates an eCCE mapping method
adopted where eight PRB pairs are provided for enhanced
PDCCH and one PRB pair is divided into eight eREGs
(N=8). Also in FIG. 10, it is assumed that the number of
eCCEs per PRB is 4 (for example, 1 eCCE=36 REs).

Also in FIGS. 10A and 10B, as illustrated in FIG. 9, the
plural eREGs that make up one eCCE are assigned with
different eREG index numbers and mapped to different PRB
pairs. In the case illustrated in FIG. 10, the total number of
eCCEs (16 in FIG. 10A and 32 in FIG. 10B) becomes greater
than the number of eREGs included in one PRB pair. In this
case, as illustrated in FIG. 9 mentioned above, eCCEs
indexes are sequentially mapped to eREGs indexes of the
plural PRB pairs, and thereby, eREGs of eCCEs of consecu-
tive index numbers are finally assigned to different PRB
pairs.

For example, eREGs that make up eCCE #0 and eCCE #1
are mapped to different PRB pairs. In this case, in FIG. 10A,
two eREGs that make up eCCE #0 are mapped to PRB pair
#1 (eREG #0) and PRB pair #3 (eREG #4), and two eREGs
that make up eCCE #1 are mapped to PRB pair #2 (eREG
#0) and PRB pair #4 (eREG #4). In this way, as eREGs of
eCCEs of consecutive index numbers are mapped to differ-
ent PRB pairs, even when the eCCE binding level (aggre-
gation level) is high, it is possible to achieve the frequency
diversity effect.

Here, in this embodiment, it is assumed that each fre-
quency resource unit that makes up an enhanced PDCCH set
is a PRB pair. However, this is not intended for limiting the
present invention. Each frequency resource unit may be a
PRB, or RBG (Resource Block Group) consisting of PRBs
that are consecutive in the frequency direction.

Next description is made in detail about a radio commu-
nication system according to the present embodiment.

(Radio Communication System Configuration)

FIG. 11 is a diagram for explaining the system configu-
ration of a radio communication system according to the
present embodiment. The radio communication system illus-
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trated in FIG. 11 includes the LTE system or succeeding
systems to LTE. In this radio communication system, carrier
aggregation is adopted such that a plurality of basic fre-
quency blocks are aggregated, each of the basic frequency
blocks being a unit of a system band of the LTE system. In
addition, this radio communication system may be called
IMT-Advanced or 4G.

As illustrated in FIG. 11, the radio communication system
1 is configured to include radio base stations 10 and a
plurality of user terminals 20 communicating with the radio
base stations 10. The radio base stations 10 are connected to
a higher station apparatus 30, which is connected to a core
network 40. The radio base stations 10 are connected to each
other by wire connection or wireless connection. Each of the
user terminals 20 (20A and 20B) are able to communicate
with the radio base stations 10 in the cells C1 and C2. Here,
the higher station apparatus 30 includes, but is not limited to,
for example, an access gateway apparatus, a radio network
controller (RNC), a mobility management entity and the
like.

Each user terminal 20 includes an LTE terminal and an
LTE-A terminal, however, it is described as a user terminal
below, unless otherwise specified.

In the radio communication system 1, as radio access
schemes, OFDMA (Orthogonal Frequency Division Mul-
tiple Access) is applied to the downlink, and SC-FDMA
(Single-Carrier Frequency-Division Multiple Access) is
applied to the uplink, though the radio access scheme for the
uplink is not limited thereto. OFDMA is a multi-carrier
transmission scheme to perform communication by dividing
a frequency band into a plurality of narrow frequency bands
(subcarriers) and mapping data to each subcarrier. SC-
FDMA is a single carrier transmission scheme to perform
communications by dividing, per terminal, the system band
into bands formed with one or continuous resource blocks,
and allowing a plurality of terminals to use mutually differ-
ent bands thereby to reduce interference between terminals.

Here, description is made about communication channels.
The downlink communication channel includes a PDSCH
(Physical Downlink Shared CHannel), which is a downlink
data channel used by each user terminal 10 on a shared basis,
a downlink L1/L.2 control channel (PDCCH, PCFICH,
PHICH), and an enhanced PDCCH that enhances PDCCH.
PDSCH is used to transmit higher control information and
user data. PDCCH (Physical Downlink Control Channel) is
used to transmit scheduling information of PUSCH and
PDSCH and the like. PCFICH (Physical Control Format
Indicator Channel) is used to transmit OFDM symbol num-
ber used in PDCCH. PHICH (Physical Hybrid-ARQ Indi-
cator Channel) is used to transmit ACK/NACK of HARQ of
PUSCH.

The enhanced PDCCH is used to transmit PDSCH and
PUSCH scheduling information and the like. The enhanced
PDCCH is used to compensate for insufficient capacity of
the PDCCH using resource regions for the PDSCH.

The uplink communication channels include a PUSCH
(Physical Uplink Shared Channel), which is an uplink data
channel used by each user terminal on a shared basis, and a
PUCCH (Physical Uplink Control Channel), which is an
uplink control channel. This PUSCH is used to transmit user
data and higher control information. The PUCCH is used to
transmit downlink radio quality information (CQIL: Channel
Quality Indicator), ACK/NACK, and so on.

FIG. 12 is a diagram of an overall configuration of the
radio base station 10 according to the present embodiment.
The radio base station 10 has a plurality of transmission/
reception antennas 101, amplifying sections 102, transmis-
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sion/reception sections 103, a baseband signal processing
section 104, a call processing section 105 and a transmission
path interface 106.

User data that is transmitted on the downlink from the
radio base station 10 to the user terminal 20 is input from the
higher station apparatus 30, through the transmission path
interface 106, into the baseband signal processing section
104.

In the baseband signal processing section 104, signals are
subjected to PDCP layer processing, RLC (Radio Link
Control) layer transmission processing such as division and
coupling of user data and RL.C retransmission control trans-
mission processing, MAC (Medium Access Control)
retransmission control, including, for example, HARQ
transmission processing, scheduling, transport format selec-
tion, channel coding, inverse fast Fourier transform (IFFT)
processing, and precoding processing. Then, the resultant
signals are transferred to each transmission/reception sec-
tion 103. As for signals of the downlink control channel,
transmission processing is performed, including channel
coding and inverse fast Fourier transform, and the resultant
signals are transmitted to each transmission/reception sec-
tion 103.

Also, the baseband signal processing section 104 notifies
each user terminal 20 of control information for communi-
cation in the cell by a broadcast channel. Information for
communication in the cell includes, for example, uplink or
downlink system bandwidth and so on.

In each transmission/reception section 103, baseband
signals which are precoded per antenna and output from the
baseband signal processing section 104 are subjected to
frequency conversion processing into a radio frequency
band. The amplifying section 102 amplifies the radio fre-
quency signals having been subjected to frequency conver-
sion, and the resultant signals are transmitted from the
transmission/reception antenna 101.

Meanwhile, as for data to be transmitted on the uplink
from the user terminal 20 to the radio base station 10, radio
frequency signals are received in each transmission/recep-
tion antenna 101, amplified in the amplifying section 102,
subjected to frequency conversion and converted into base-
band signals in the transmission/reception section 103, and
are input to the baseband signal processing section 104.

The baseband signal processing section 104 performs FFT
processing, IDFT processing, error correction decoding,
MAC retransmission control reception processing, and RL.C
layer and PDCP layer reception processing on the user data
included in the received baseband signals. Then, the resul-
tant signals are transferred to the higher station apparatus 30
through the transmission path interface 106. The call pro-
cessing section 105 performs call processing such as setting
up and releasing a communication channel, manages the
state of the radio base station 10 and manages the radio
resources.

FIG. 13 is a diagram of an overall configuration of the
user terminal 20 according to the present embodiment. The
user terminal 20 has a plurality of transmission/reception
antennas 201, amplifying sections 202, transmission/recep-
tion sections (reception section) 203, a baseband signal
processing section 204 and an application section 205.

As for downlink data, radio frequency signals received in
the transmission/reception antennas 201 are amplified in the
respective amplifying sections 202, and subjected to fre-
quency conversion into baseband signals in the transmis-
sion/reception sections 203. These baseband signals are
subjected to reception processing such as FFT processing,
error correction decoding and retransmission control and so
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on, in the baseband signal processing section 204. In this
downlink data, downlink user data is transferred to the
application section 205. The application section 205 per-
forms processing related to higher layers above the physical
layer and the MAC layer. In the downlink data, broadcast
information is also transferred to the application section 205.

On the other hand, uplink user data is input from the
application section 205 to the baseband signal processing
section 204. In the baseband signal processing section 204,
retransmission control (H-ARQ: Hybrid ARQ) transmission
processing, channel coding, precoding, DFT processing,
IFFT processing and so on are performed, and the resultant
signals are transferred to each transmission/reception sec-
tion 203. In the transmission/reception section 203, the
baseband signals output from the baseband signal processing
section 204 are converted into a radio frequency band. After
that, the frequency-converted radio frequency signals are
amplified in the amplifying section 202, and then, transmit-
ted from the transmission/reception antenna 201.

FIG. 14 is a diagram illustrating a functional structure of
the baseband signal processing section 104 of the radio base
station 10 according to the present embodiment and a part of
the higher layer. The functional structure in FIG. 14 is
mainly for downlink (transmission), however the radio base
station 10 may also have a functional structure for uplink
(reception).

As illustrated in FIG. 14, the radio base station 10 has a
higher layer control information generating section 300, a
data generating section 301, a channel coding section 302, a
modulating section 303, a mapping section 304, a downlink
control information generating section 305, a common con-
trol information generating section 306, a channel coding
section 307, a modulating section 308, a control channel
multiplexing section 309, an interleaving section 310, a
measurement reference signal generating section 311, an
IFFT section 312, a mapping section 313, a demodulation
reference signal generating section 314, a weight multiply-
ing section 305, a CP inserting section 316, a scheduling
section 317.

The higher layer control information generating section
300 generates higher layer control information for each user
terminal 20. The higher layer control information is control
information signaled by higher layer (for example, RRC
signaling), and includes, for example, allocation information
of enhanced PDCCH sets (described later) and the like. The
data generating section 301 generates downlink user data for
each user terminal 20.

Downlink user data generated in the data generating
section 301 and higher layer control information generated
in the higher layer control information generating section
300 are input to the channel coding section 302 as downlink
data to be transmitted via PDSCH. The channel coding
section 302 performs channel coding on downlink data for
each user terminal 20 in accordance with a coding rate that
is determined based on feedback information from the user
terminal 20. The modulating section 303 modulates the
channel-coded downlink data in accordance with a modu-
lation scheme that is determined based on the feedback
information from the user terminal 20. The mapping section
304 maps the modulated downlink data in accordance with
instructions from the scheduling section 317.

The downlink control information generating section 305
generates UE-specific downlink control information (DCI)
for each user terminal 20. The UE-specific downlink control
information includes PDSCH assignment information (DL
assignment), PUSCH assignment information (UL grant)
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and the like. The common control information generating
section 306 generates cell-specific common control infor-
mation.

The downlink control information generated in the down-
link control information generating section 305 and the
common control information generated in the common
control information generating section 306 are input to the
channel coding sections 307 as downlink control informa-
tion to be transmitted via PDCCH or enhanced PDCCH. The
downlink control information to be transmitted via the
PDCCH is generated in units of control channel elements
(CCEs) and downlink control information to be transmitted
via the enhanced PDCCH can be generated in units of
enhanced control channel elements (eCCEs). Note that the
CCE and eCCE may be different or equal in size (the number
of REs) from or to each other.

The channel coding sections 307 perform channel coding
on the input downlink control information in accordance
with the coding rate instructed from the scheduling section
317. The modulating sections 308 modulates the channel-
coded downlink control information in accordance with
modulation scheme instructed from the scheduling section
317.

Note that the downlink control information to be trans-
mitted via PDCCH is input from the modulation sections
308 to the control channel multiplexing section 309 and is
then multiplexed. The downlink control information multi-
plexed in the control channel multiplexing section 309 is
interleaved in the interleaving section 310. The interleaved
downlink control information is input, together with mea-
surement reference signals (CSI-RS: Channel State Infor-
mation-Reference Signal, CRS: Cell specific Reference Sig-
nal etc.) generated in the measurement reference signal
generating section 311, to the IFFT section 312.

On the other hand, the downlink control information to be
transmitted via the enhanced PDCCH is input from the
modulating sections 308 to the mapping section 313. The
mapping section 313 maps the downlink control information
in predetermined assignment unit (for example, in eREG
unit) in accordance with instructions from the scheduling
section 317. The mapping section 313 performs distributed
mapping of eCCEs allocated with downlink control infor-
mation to resource regions for the enhanced PDCCH in
eREG unit. The mapping section 313 may switch between
distributed mapping and localized mapping.

For example, when the distributed mapping is performed,
the mapping section 313 distributes a plurality of eREGs
that make up one eCCE to a plurality of resource regions for
the enhanced PDCCH (PRB pairs or RBGs) in such a
manner that the eREG index numbers distributed to the
respective resource regions are different from each other. For
example, as illustrated in FIG. 9 mentioned above, the plural
eREGs that make up one eCCE are assigned with mutually
different eREG index numbers and mapped to different PRB
pairs, thereby achieving the frequency diversity effect and
size uniformity between eCCEs.

Further, as illustrated in FIG. 8, the mapping section 313
may distribute the eREGs mapped to the PRB pairs, to REs
of plural OFDM symbols in one PRB. With this structure, it
is possible to improve the efficiency of power use and
achieving size uniformity between eREGs and eCCEs effec-
tively. Here, the positions where eREGs that make up each
eCCE are mapped (resource regions), index numbers of
eREGs that make up each eCCE, RE pattern corresponding
to each REG in the resource regions and the like may be set
based on information from the scheduling section 317 or
may be determined in advance in the specification.
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The mapped downlink control information is input to the
weight multiplying section 315, together with downlink data
to be transmitted via the PDSCH (that is, downlink data
mapped in the mapping section 314) and the demodulation
reference signals (DM-RS) generated in the demodulation
reference signal generating section 314. The weight multi-
plying section 315 multiplies the downlink data to be
transmitted via the PDSCH, downlink control information to
be transmitted via the enhanced PDCCH and the demodu-
lation reference signals by precoding weights specific to the
user terminal 20 and performs precoding thereon.

The precoded transmission data is input to the IFFT
section 312, subjected to inverse fast Fourier transform and
converted from frequency domain signal to time-series
signal. The signal output from the IFFT section 312 is then
applied with cyclic prefix (CP) that serves as a guard interval
in the CP inserting section 316 and is output to the trans-
mission/reception section 103.

The scheduling section 317 performs scheduling of down-
link data to be transmitted on the PDSCH, downlink control
information to be transmitted on the enhanced PDCCH and
downlink control information to be transmitted on the
PDCCH. Specifically, the scheduling section 317 allocates
radio resources based on the feedback information from
each user terminal 20 (for example, CSI (Channel State
Information) including RI (Rank Indicator), CQI (Channel
Quality Indicator) and the like) and instruction information
from the higher station apparatus 30.

FIG. 15 is a diagram illustrating a functional structure of
the baseband signal processing section 204 of the user
terminal 20. In FIG. 15, the functional structure is mainly for
downlink (reception), however, the user terminal 20 may
have a functional structure for uplink (transmission). The
user terminal 20 has, as the functional structure for downlink
transmission, a CP removing section 401, an FFT section
402, a demapping section 403, a deinterleaving section 404,
a PDCCH demodulating section 405, a PDSCH demodulat-
ing section 406, an enhanced PDCCH demodulating section
407 and a channel estimating section 408.

Downlink signals received as reception data from the
radio base station 10 are input to the CP removing section
401, where the cyclic prefix (CP) is removed. The CP-
removed downlink signals are input to the FFT section 402.
The FFT section 402 performs fast Fourier transtorm (FFT)
on the downlink signals and converts them from the time
domain signals to the frequency domain signals, and the
resultant signals are then input to the demapping section
403. The demapping section 403 demaps the downlink
signals. The demapping processing by the demapping sec-
tion 403 is performed based on the higher layer control
information input from the application section 205. The
downlink control information output from the demapping
section 403 is deinterleaved in the deinterleaving section
404.

The PDCCH demodulating section 405 performs blind
decoding, demodulating, channel decoding and the like on
the downlink control information (DCI) output from the
deinterleaving section 404, based on a channel estimation
result by the channel estimating section 408. Specifically,
the PDCCH demodulating section 405 performs blind
decoding on search space candidates reported in advance
from the radio base station 10 or predetermined search space
candidates to acquire downlink control information.

The PDSCH demodulating section 406 performs demodu-
lation, channel decoding and the like of downlink data
output from the demapping section 403, based on the
channel estimation result by the channel estimating section
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408. Specifically, the PDSCH demodulating section 406
demodulates PDSCH assigned to the user terminal based on
the downlink control information demodulated in the
PDCCH demodulating section 405 or the enhanced PDCCH
demodulating section 407 (for example, downlink schedul-
ing information such as DL grant) to acquire downlink data
directed to the user terminal (downlink user data and higher
layer control information).

The enhanced PDCCH demodulating section 407 per-
forms blind decoding, demodulating, channel decoding and
the like on the enhanced PDCCH output from the demap-
ping section 403, based on the channel estimation result by
the channel estimating section 408.

The channel estimating section 408 performs channel
estimation (channel measurement) using demodulation ref-
erence signals (DM-RS), measurement reference signals
(CRS, CSI-RS) and the like. The channel estimating section
408 outputs channel estimation result based on the measure-
ment reference signal (CRS, CSI-RS) to the PDCCH
demodulating section 405. On the other hand, the channel
estimating section 408 outputs the channel estimation result
based on the demodulation reference signal (DM-RS) to the
PDSCH demodulating section 406 and the enhanced
PDCCH demodulating section 407. Due to demodulation
using the demodulation reference signal (DM-RS) specific
to the user terminal 20, it is possible to enjoy beamforming
gains for the PDSCH and enhanced PDCCH.

Thus, according to the radio communication system 1 of
the present embodiment, the radio base station 10 generates
downlink control information in units of enhanced control
channel elements (eCCEs) and maps the downlink control
information in eREG unit to plurality of resource regions
arranged for the enhanced downlink control channel. In this
case, the radio base station 10 performs mapping in such a
manner that a plurality of eREGs that make up one eCCE are
distributed to the plural resource regions and the eREG
index numbers distributed to the resource regions are dif-
ferent from each other. Further, the radio base station 10
arranges eREGs mapped to each PRB pair, in such a manner
as to distribute the eREGs to REs of a plurality f OFDM
symbols in one PRB. With this structure, it is possible to
achieve the frequency diversity effect, improve the effi-
ciency of power use, and achieve size uniformity between
eREGs and between eCCEs effectively.

Up to this point, the present invention has been described
in detail by way of the above-described embodiments.
However, a person of ordinary skill in the art would under-
stand that the present invention is not limited to the embodi-
ments described in this description. The present invention
could be embodied in various modified or altered forms
without departing from the gist or scope of the present
invention defined by the claims. Therefore, the statement in
this description has been made for the illustrative purpose
only and not to impose any restriction to the present inven-
tion.

The disclosure of Japanese Patent Application No. 2012-
162819, filed on Jul. 23, 2012, including the specification,
drawings, and abstract, is incorporated herein by reference
in its entirety.

The invention claimed is:

1. A radio base station comprising:

a transmitter that transmits downlink control information
in an enhanced downlink control channel that is fre-
quency-division-multiplexed with a downlink shared
channel; and

a processor that maps the downlink control information to
a plurality of resource elements (REs) that constitute
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physical resource block (PRB) pairs configured for the
enhanced downlink control channel,

wherein the downlink control information is generated in

units of enhanced control channel elements (eCCEs),
each eCCE consisting of multiple enhanced resource
element groups (eREGs), and

the processor numbers the REs that constitute the PRB

pairs, except REs carrying demodulation reference
signals (DM-RSs), with numbers corresponding to
index numbers of eREGs in frequency and time direc-
tions, and maps each eREG to REs corresponding to an
index number of the eREG.

2. The radio base station according to claim 1, wherein the
processor numbers, in the PRB pairs, REs in a first region for
the downlink shared channel (PDSCH), REs in a second
region for a downlink control channel (PDCCH) and REs in
a third region for cell-specific reference signals (CRSs) of an
existing system with the numbers corresponding to the index
numbers of eREGs.

3. The radio base station according to claim 2, wherein
there are 16 eREGs per PRB pair.

4. The radio base station according to claim 1, wherein
there are 16 eREGs per PRB pair.

5. A radio communication method for a radio base station
that communicates with a user terminal using an enhanced
downlink control channel that is frequency-division-multi-
plexed with a downlink shared channel, the radio commu-
nication method comprising the steps of:

transmitting downlink control information in the

enhanced downlink control channel frequency-divi-
sion-multiplexed with the downlink shared channel;
and

mapping the downlink control information to a plurality

of resource elements (REs) that constitute physical
resource block (PRB) pairs configured for the enhanced
downlink control channel,

wherein the downlink control information is generated in

units of enhanced control channel elements (eCCEs),
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each eCCE consisting of multiple enhanced resource

element groups (eREGs), and

the REs that constitute the PRB pairs, except REs carrying

demodulation reference signals (DM-RSs), are num-
bered with numbers corresponding to index numbers of
eREGs in frequency and time directions, and each
eREG is mapped to REs corresponding to an index
number of the eREG.

6. A radio communication system including a radio base
station and a user terminal that communicates using an
enhanced downlink control channel that is frequency-divi-
sion-multiplexed with a downlink shared channel,

the user terminal comprising:

a receiver that receives downlink control information
that is transmitted using the enhanced downlink
control channel, and

the radio base station comprising:

a transmitter that transmits the downlink control infor-
mation in the enhanced downlink control channel
that is frequency-division-multiplexed with the
downlink shared channel; and

a processor that maps the downlink control information
to a plurality of resource elements (REs) that con-
stitute physical resource block (PRB) pairs config-
ured for the enhanced downlink control channel,

wherein the downlink control information is generated in

units of enhanced control channel elements (eCCEs),
each eCCE consisting of multiple enhanced resource
element groups (eREGs), and

the processor numbers the REs that constitute the PRB

pairs, except REs carrying demodulation reference
signals (DM-RSs), with numbers corresponding to
index numbers of eREGs in frequency and time direc-
tions, and maps each ReEG to REs corresponding to an
index number of the eREG.
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